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The commonest cause of failure is adhesion formation at the site of tendon suturing or grafting. This results in very little, if any, movement of the finger occurring on voluntary contraction. Worse still, a previously mobile digit may be converted into a semi-rigid hook.
The prevention of adhesions has taxed the ingenuity of the hand surgeon for many years and has resulted in a host of operative and some nonoperative measures designed to counteract this tendency.
In spite of the excellent experimental work studies that have been done on tendon healing by such men as Mason & Allen (1941) , Potenza (1964) and others, we seem to disbelieve, distrust or simply disregard the implications of their work.
Tendon Repair
It has been shown conclusively that when tendon ends are apposed by suture the healing process takes place from without inwards. The tendon itself has a purely passive role. From the neighbouring tissues there is an ingrowth of fibroblast and capillary buds resulting in the laying down of delicate new collagen fibres. There is no evidence of tenoblastic activity in the stumps. The anatomical environment of a damaged tendon contributes significantly to the process of repair.
There can be no justification for surrounding a tendon junction by a permeable or semi-permeable membrane in order to prevent adhesions. Adhesions must occur for a while at any rate if the tendon is to heal.
When healing has occurred and mobilization starts, in the normal course of events adhesions gradually disappear as the full range of movement develops. The range of movement of a tendon before adhesions have disappeared will, therefore, depend to a certain extent on its anatomical surroundings. Thus, repair at the level of the wrist or in the palm of the hand poses no great problems but the confines of the carpal tunnel and the digital sheath can and do impose restriction of movement. The tendon graft in the finger and the 'bridge graft' in the carpal tunnel were evolved to overcome this anatomical difficulty.
Factors Influencing Tendon Repair
Some of the factors that may influence the speed and quality of tendon repair and subsequent resolution of adhesions are: (1) The vascularity of surrounding tissues. (2) Adequacy of immobilization.
(3) Efficiency of hemostasis. (4) The vascularity of the tendon stumps.
Blood Supply
The blood supply of a flexor tendon is extremely limited and there seems little doubt that part of a tendon's nourishment is derived from the synovial fluid that bathes it. The blood supply of a profundus tendon varies throughout its length. It is richest at the musculotendinous junction, at its insertion and where the vincula join it in the sheath. The level of section may therefore influence healing, depending on the relative vascularity of the stumps. An avascular stump encourages adhesions during attempted revascularization.
Flexor pollicis longus has no vincular attachments throughout its length, so it must be as-68 Proc. roy. Soc. Med. Volume 63 January 1970 2 sumed that it has a better than average longitudinal blood supply and/or the synovial sheath contributes to its nourishment.
In 'no man's land' it is customary to resort to tendon grafting so that the tendon junctions are located outside the digital fibrous sheath. The sheath is regarded as an 'enfant terrible', and is excised widely, leaving pulleys at strategic intervals. Does, in fact, a tendon graft survive or revive more readily when in contact with subcutaneous tissues or within the natural sheath? Tendon Grafts There are two widely differing schools of thought. Earlier workers, notably Flynn & Graham (1962) , from experimental work carried out on extensor tendons, suggested that active invasion of a free graft by tenoblasts occurred from the extremities and that the graft merely acted as a scaffolding whilst the invasion took place. Mason & Shearon (1932) felt that the variability of the cellular changes in a free graft, as seen histologically, suggested that some of the graft survived. Lindsay & McDougall (1961) used the words 'survival', 'repair' and 'regeneration', the suggestion being that this process took place by invasion of the graft throughout its length, and that subsequent adhesions resolved when movement was begun after three weeks. I also imagined that this was the usual progression and argued that if it were possible to transplant a 'live' graft, then adhesions should not occur. This was the basis of the pedicle graft. As so often happens the first case did remarkably well. Subsequently, partial success was the rule. It seems probable that in most tendon grafting procedures the graft. is revascularized throughout its length by local invasion from the surrounding tissues.
A year ago, following the experimental work of Reiss (1968, personal communication), a silastic tube open down one side was used to enclose the graft in part, thereby allowing revascularization to occur along a mesentery and preventing adhesions around the rest of the graft. The results so far are neither better nor worse than when the traditional technique is employed.
In 1964 Potenza described the results of a meticulously executed experimental study of the healing of autogenous canine flexor digital profundus tendon grafts. These were carried out within the flexor digital sheath, in which the sublimis tendon, ligaments and sheath in 'no man's land' were preserved intact. He found that the grafts remained completely viable. Furthermore, there was no evidence of invasion of the tendon graft by cellular activity from the digital sheath. The normal healing process took place at either end.
He also observed that the proliferation of the synovial layer of the sheath that took place at the proximal and distal extremities of the digital sheath sealed it off and restored its structure as a closed tube. Adhesions immediately beyond the wound site only occurred where the integrity of the tendon surface had been broken by sutures.
It is difficult to see the precise clinical application of this work, but at least it means that perhaps we ought to think again about the wisdom of always excising the digital sheath and, indeed, consider the possibility of sheath repair. It is possible that the future development of tendon grafting may well lie in improved methods of repairing the tendon sheath. By this means the transplanted graft will be surrounded by synovial fluid and will therefore survive.
Many years ago Mayer (1916) and later Milgram (1960) preceded their operations of tendon transplantation by burying metal strips in the subcutaneous tissues to develop a tendon sheath through which the transplanted tendon would run at a later date. By the same token, silicone rods can be inserted to form a sheath for subsequent tendon grafting. This procedure can work only if the graft subsequently inserted survives, nourished by synovial fluid in its preformed tube.
Tenolysis
Most will agree that tenolysis is best left until at least six months have elapsed from the primary operation of tendon repair or tendon graft. There is no evidence that the administration of cortisone has the slightest effect upon the end result. If massive adhesions are the result of attempted revascularization of a dying or dead graft, it is hardly surprising that the operation is frequently followed by rupture of the tendon. It is tempting to blame the enthusiasm of the physiotherapist, but clearly the tendon ruptures because its meagre blood supply is finally severed. Tenolysis can only succeed if adhesions are localized to the point of tendon repair in circumstances in which the rest of the tendon or tendon graft is viable.
It should be emphasized that this is a difficult operation requiring painstaking dissection and often involving complete inspection of the tendon throughout its length. The operation should not be considered complete until traction of the tendon above the wrist produces a full range of flexion of the finger.
